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Abstract: Although studies on tolerance to abiotic stress conditions in cabbage species and varieties have been carried out, these studies
have generally been conducted in field and greenhouse pot experiments. In such studies, morphological measurements and evaluations
have been made. However, there are deficiencies in physiological and molecular detection studies. Therefore, this study focused on
detecting any DNA methylation change in the genome of cabbage seedlings when NaCl (salt stress) in combination with putrescine
(Put) was applied. Different concentrations of NaCl and Put were applied to white head cabbage (Brassica oleraceae L. cv Yalova-F1).
Germination rate, root length, shoot length, seedling index and variation coefficient of germination timewere examined. Eight RAPD
primers were used in the CRED-RA analysis. Polymorphism ratios were calculated for each concentration and averages were taken.
The results showed that MspI enzyme used in the study was cut from the methylation site and the HpaII enzyme was cut when the
methylation did not occur. A total seventy-eight methlation sensitive bands were determined based on the treatments. Class IV was the
highest methylation type. This was followed by Class I, Class III and Class II, respectively. Total methylation rate (%) was varied from
59.0% to 71.8%. It was determined that the full methylation rate (%) was higher than hemi-methylation rate in all treatments. As a result
of this study, it was determined that Put applied in both NaCl stress and stress-free conditions caused demethylation.
Key words: Cabbage, CRED-RA, DNA methylation, putrescine, salt stress

1. Introduction
Vegetables are very diverse group and have been used
mainly as food for centuries (Zia-Ul-Haq et al., 2014;
Galiana-Belaguer et al., 2018; Arin and Arabaci, 2019;
Marsic et al., 2019).
Cabbage (Brassica oleraceae L. varcapitata sub. var.
alba) has been used in human nutrition for a long time
due to its rich nutritional value (Günay, 2005). Because
of flavonoids and anthocyanin contents, Brassica group
shows antioxidant and anticarcinogenic properties (Singh
et al., 2006). Salinity, which is the most important factor
affecting soil fertility, is an important environmental factor
limiting yield in cabbage (Yokoi et al., 2002; Guangyuan
and Kun 2007). Although most of cabbage varieties are salt
resistant, the cabbage leaves that grown in saline soils are
dark colored with dry leaf edges (Larcler, 1995). Salinity
is an important abiotic stress factor that negatively affects
many metabolic events and reduces cropquality and yield
(Deveci and Tuğcu, 2017).
Salinity stress significantly decreased germination and
growth parameters of radish, cabbage, mustard and water
spinach seedlings (Kashem, 2014). Salt stress considerably
prevented the root growth of cabbage seeds (Huimei,
2006). The germination period, germination rate, root and

shoot lengths, root, shoot and fresh weights of plants have
decreased with high NaCl concentrations (Jamil et al.,
2007a). Salt stress triggers morphological, physiological,
biochemical and molecular reactions in plants. Salinity
stress causes ionic imbalance resulting in ionic toxicity
thus, the formation of osmotic stress and reactive oxygen
species (ROS) (AbdElgawad et al., 2016). Increased levels
of free radicals in plants under stress impact the cellular
components of protein-membrane lipids, nucleic acids,
and chlorophyll in the cells,together with deteriorating
the efficacy of photosynthesis, which is particularly
slowing down. Oxidative damage to DNA leads to
genetic and epigenetic variability in plants resulting in
base modifications such as methylation, alkylation and
oxidation, single and double strand breakage and crosslinking with proteins (Ertürk et al., 2015).
Salinity tolerance of plant species depends on their
ability to express genes associated with salinity-tolerance
mechanisms. For example, while some plant species are
only affected by salinity, it can be lethal for other ones.
The plant genomes encode several key genes that depend
on the mechanisms of salinity tolerance (Sreenivasulu et
al., 2012). Plants can control gene expression by various
epigenetic events (Al-Lawati et al., 2016). Gene expression
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is influenced by epigenetic changes in the chromatin
structure, such as DNA methylation and posttranslational
modifications in histones.
DNA methylation is very important because it is
induced by abiotic stress factors (Yaish, 2013). DNA
methylation is an epigenetic modification correlated with
key developmental processes such as X chromosome
inactivation, genomic imprinting, cell differantion, gene
expression and protection of genomes from transposons
and retrotransposons (Sharma et al., 2009a; Ertürk et al.,
2015). Studies recorded up to 40% cytosine residues formed
in plants (Labra et al., 2004). The cytosine methylation
process in plants occurs both in CpG and CpNpG
sequences, and is catalyzed by DNA methyltransferases
(MTases) (Steward et al., 2003; Sharma et al., 2009b).
The cytosine methylation gene expression plays an
important role at transcriptional and posttranscriptional
level (Paszkowski and Whitham, 2001). Recently, some
studies reported that salinity stress alters the expression of
DNA by altering DNA methylation. Salt stress is known
to cause cytosine DNA methyltransferase expression and
epigenetic changes in the genomes of monocotyl plants
(Sharma et al., 2009a). DNA methylation level increased
in alfalfa (Medicago spp) exposed to high soil salinity (AlLawati et al., 2016). In rapeseed (Brassica napus) exposed
to different salt concentrations, there was an increase
of 0.2%–17.6% in cytosine methylation compared to
control plants, and these changes included both de novo
methylation and demethylation events (Guangyuan et al.,
2007).
In addition, recent studies have shown that polyamines
(PAs) which include spermine (SPM, a tetramine),
spermidine (SPD, a triamine) and their essential precursor
putrescine (Put) (a diamine), have important functions
in the biotic and abiotic stress mechanism. In general,
polyamines (especially putrescine) are considered to
be antistress sources for plants under stress (Verma and
Mishra, 2005). Ali (2000) reported that the application
of putrescine on Atropa belladona under salt stress,
reduced the accumulation of Na+ and Cl– ions in the
organs. Besides, polyamines are known to protect DNA
replication from oxidative damage and to stimulate DNA
and RNA biosynthesis (Sığmaz et al., 2015). Polyamines
are known to selectively inhibit cytosine DNA methylation
by suppressing the activity and binding of methylation
(Ruiz-Herrera et al., 1995). As a result of their study
titled ‘Putrescine, spermidine, and spermine play distinct
roles in rice salt tolerance’ in Islam et al. (2020), the
manipulation of polyamine biosynthesis and metabolism
has been expressed as a promising strategy for increasing
salt tolerance in rice.
To understand the potential role of epigenetic
changes on cabbage salinity tolerance, we investigated the
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epigenetic relationships at DNA methylation level in the
presence and absence of salinity stress by using random
amplified polymorphic DNA (RAPD) and coupled
restriction enzyme digestion-random amplification
(CRED-RA) techniques.
2. Materials and methods
2.1. Plant material, growth conditions and treatments
Brassica oleraceae L. cv Yalova-F1 seeds were used as a
plant material. The seeds surface was sterilized with 70%
ethanol for 3 min, followed by 5% sodium hypochlorid
for 25 min, then washed at least 5 times with distilled
water. The sterilized seeds were exposed to different
concentrations of Put (0, 0.01, 0.1 and 1.0 mM) for 24
h at room temperature. Approximately 100 seeds were
selected and seeds were grown in plastic transparent
containers by applying different salt concentrations (0,
50, 100, 150 and 200 mg/l) NaCl on filter paper. Then, the
containers were kept under controlled conditions (25 ±
1°C in 16/8 h light period). The study was carried out in
four replications. Early seedling growth parameters were
recorded daily during 15 days after plants were collected
for each treatment and stored at –80°C for DNA isolation.
2.2. Germination parameters
The germinating seeds were counted daily at the specified
time. Root length longer than 1 mm were measured and
recorded 15 consecutive days. At the end of this period,
parameters including germination rate (GR), mean
germination time (MGT), root length (RL), shoot length
(SL) and seedling vigour index (SVI) were determined
using the method described by Aydın et al. (2015) and
Aydın et al. (2016). All trials were repeated four times. All
data obtained were subjected to a two-way (NaCl × Put)
analysis of variance (ANOVA) and Duncan’s multiple
range test performed at P = 0.05 level using SAS 9.3 for
Windows.
2.3. Molecular analysis
Isolation and analysis of DNA
DNA was isolated according to Sığmaz et al. (2015) with
minor changes. About 3 g plant samples were disrupted
with liquid nitrogen. Plant samples were incubated in an
extraction buffer containing 2X cetyltrimethylammonium
bromide (CTAB). After incubation, chloroform was added
and the tubes were centrifuged. The supernatant was
transferred to a new tube and the DNA was precipitated
in 2-propanol. The DNA was washed with 70% ethanol
and dissolved in TE (Tris-HCl EDTA) buffer. The quality
and concentration of the DNA were measured using a
nanodrop spectrophotometer and electrophoresis in a
0.8% (w/v) agarose gel.
RAPD-PCR analysis
RAPD analysis was used to identify monomorphic
primers to be used in CRED-RA technique. Thirty
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different 10-mer oligonucleotide RAPD primers (Operon
Technologies, Alameda, CA, United States) were used.
To each 0.2 ml PCR tubes, 50 ng genomic DNA, 1 × PCR
buffer (without MgCl2), 0.25 µM dNTP, 10 pmol primer,
2.5 mM MgCl2 and 1 U Taq DNA polymerase and of
purified water were added and the total volume was 20
µL. The mixture was transferred to a thermocycler, the
amplification profile consisted of an initial denaturation
at 95 °C for 5 min, followed by 35 cycles of (1 min at 94
°C, 1 min at 36 °C and 2 min at 72 °C), and 1 cycle of 15
min at 72 °C. Final RAPDs PCR products were stored at 4
°C. The RAPD-PCR amplifications were analyzed directly
on 1% agarose gel in 0.5X Tris-Borate EDTA (TBE) buffer.
The DNA was stained with ethidium bromide, examined
and photographed under UV light on the imaging device.
Thirty oligonucleotide primers were screened and among
them,eight primers were selected and used for CRED-RA
analysis.
Genomic DNA digestion and CRED-RA analysis
MspI and HpaII (Promega) restriction enzymes were
used in order to detect methylation changes in the genome
(cutting DNA with enzymes). For this process, 16.3 μL
water, 2 μL restriction enzyme 10X Buffer, 0.2 μL BSA
(bovine serum albumin), 1 μL DNA and 0.5 μL restriction
enzyme (MspI or HpaII) were combinedand brought to a
final volume of 20 μL within the 0.5 mL tube. Tubes were
first incubated for 4 h at 37 °C for enzyme digestion, then
at 65 °C for 15 min to stop enzyme activity.
After cutting with enzymes, methylation detection
studies were performed using RAPD primers [OPB-8
(5’-GTCCACACGG-3’), OPB-10 (5’-CTGCTGGGAC-3’),
OPW-4
(5’-CAGAAGCGGA-3’),
OPW-8
(5’-GACTGCCTCT-3’), OPW-17 (5’-GTCCTGGGTT-3’),
OPW-18(5’-TTCAGGGCAC-3’),
OPY-8
(5’-AGGCAGAGCA-3’), OPY-16(5’-GGGCCAATGT-3’)]
giving monomorphic bands in all applications. For CREDRA analysis, the PCR products were loaded on agarose
(1.5% w/v) gel electrophoresis with 0.5×TBE (Tris-borateEDTA) buffer at 80 V for 150 min.
Statistical analysis
Total Lab TL120 computer software was used to
evaluate RAPD and CRED-RA patterns. Genomic
template stability (GTS, %) was calculated for RAPD with
the following formula: GTS = (1−an) × 100. Where ‘a’ is
the average number of polymorphic bands detected in
each treated sample, and ‘n’ is the number of total bands
in the control. Polymorphisms in RAPD profiles included
disappearance of a normal band and appearance of a
new band compared with the control. The average was
calculated for each experimental group. To compare the
sensitivity of each parameter, changes in these values
were calculated as a percentage of their control (set to
100%). DNA methylation classes were assessed according
to Zhang et al. (2016). Full methylation rate (FMR) (%),

hemi methylation rate (HMR) (%) and total metylation
rate (TMR) (%) were calculated based on Lu et al. (2008)
and Yang et al. (2011).
3. Results
3.1. Germination rate (%)
The main and interaction effects of salt stress and Put
on cabbage seeds germination rate were significant (P <
0.01) (Table 1). The germination rate was reduced withthe
increase of NaCl concentration. While the germination
rate was 99.1% in the absence of stress factor (0 mMNaCl);
50, 100, 150 and 200 mMNaCl applications reduced
germination rate as 96.9%, 82.7%, 59.9% and 5.1%,
respectively.
On the other hand, it was determined that Put
applications affected the germination rate positively. The
highest germination rate was obtained in the application
of 0.1 mM Put (71.8%), followed by 1 mM Put (70.9%),
0,01mM Put (66.9%) and 0 mM Put (65.4%).
The effect of salt stress on germination rate varied
with the application of Put. Put applications did not show
significant effect on 0 and 50 mM NaCl applications,
whereas the effects of Put on 100, 150 and 200 mM
NaCl applications were significantly important (P <
0.01). The highest germination rate in 0, 50, 100 and 150
mM NaCl applications was obtained with 1.0 mM Put
application, whereas the highest germination rate in 200
mM NaCl application was obtained with 0.1 mM Put. It
was determined that the application of Put reduced the
negative effect of salt stress on germination rate, especially
at 100 mM and highersalt concentrations.
3.2. Root length (mm)
The main effects of salt stress and Puton root length (mm)
were significant (P < 0.01) (Table 2). The root lengths of
the plants germinated under salt stress varied depending
on the salt concentration. In control conditions without
stress factor (0 mMNaCl), the root length was determined
as 51.56 mm. In 50 mMNaCl application, the root length
was recorded as 64.50 mm. Contrary, 100, 150 and 200
mMNaCl applications decreased root length (51.62
mm, 50.15 mm and 0.15 mm, respectively). When the
main effect of Put application is examined, it is seen that
Putapplication promotes root extension. The highest root
length was determined at1 mM Put concentration (47.45
mm), following by 42.78 mm (0.1 mM Put), 43.23 mm
(0.01 mM Put) and 40.92 mm (0 mM Put).
The effect of salt stress on root length varied according
to Put application. The effect of Put on root length at 50
and 200 mM NaCl was statistically insignificant (P > 0.05),
but the effect at 0, 100 and 150 mM NaCl applications was
significant (P < 0.01). We can conclude that the application
of Put reduced the negative effect of salt stress on root
length at 100 and 150 mM salt concentrations.
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Table 1. Effect of salt stress (NaCl) and Put applications on germination rate of Yalova-1 cabbage cultivar (%).
Put
(mM)

NaCl (mM)
0

50

100

0.00

99.0

96.8

77.8

0.01

99.0

96.8

0.10

99.0

1.00

200

Avarage

53.5

b

0.0

65.4d

80.5c

58.0b

0.0b

66.9c

97.0

83.0b

59.5b

20.3a

71.8a

99.3

97.3

89.5

68.5

0.0

70.9b

Avarage

99.1A

96.9B

82.7C

59.9D

5.1E

F value (Put) (P)

1.0

0.333

64.573**

111.706**

6561.00**

250.132**

F value (NaCl) (N)

-

-

-

-

-

31872.511**

F value (PXN)

-

-

-

-

-

158.181**

Coefficient of variation (%)

0.8

0.9

1.5

1.78

15.5

1.3

ns

150
d

c

a

ns

a

b

: Differences between averages represented by different lowercase letters in the same column and different uppercase letters in the same
row are significant at a 5% probability level.
**: Significant (P < 0.01)
ns: Nonsignificant(P > 0.05)
1

Table 2. Effects of salt stress (NaCl) and Put applications on root length of Yalova-1 cabbage cultivar (mm).
Put
(mM)

NaCl (mM)

0.00

0

50

100

200

Avarage

46.60

b

49.45

64.14

44.39

0.00

40.92c

0.01

52.24ab

65.79

47.33b

50.81a

0.00

43.23b

50.77

62.75

47.98

a

0.10

51.82

0.60

42.78b

1.00

53.77a

65.31

64.58a

53.58a

0.00

47.45a

Avarage

51.56

64.50

51.62

50.15

0.15

F value (Put) (P)

7,435**

1.438

66.029**

14.158**

0.0ns

47.317**

F value (NaCl) (N)

-

-

-

-

-

3104.705**

F value (PXN)

-

-

-

-

-

18.152**

Coefficient of variation (%)

2,65

3.50

4.12

4.24

0.1

4.10

c

bc

B

A
ns

150
b

b

B

C

D

: Differences between averages represented by different lowercase letters in the same column and different uppercase letters in the same
row are significant at a 5% probability level.
**: Significant (P < 0.01)
ns: Nonsignificant(P > 0.05)
1

3.3. Shoot length (mm)
The main effects of salt stress and Put applications on
shoot length (mm) were significant (P < 0.01) (Table 3).
The shoot lengths of plants germinated under salt stress
conditions varied depending on the salt concentrations.
The shoot length in the control group was found to
be 35.22 mm, while the shoot length at 50 mM NaCl
concentration was found to be 38.70 mm. At 100, 150, 200
mM NaCl concentrations, the shoot length was inversely
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proportional to the increase in concentration, and the shoot
length in these doses was determined as 32.88 mm, 28.61
mm and 0.29 mm, respectively. Changes in the amount of
Put also lead to changes in shoot length. The shoot length
was 23.88 mm without Put application, and increased with
Put applications. The shoot length was determined to be
28.94 mm at 1mM and 0.01 mM Put, and 26.80 mm at 0.1
mM Put. The P × N interaction was very significant (P <
0.01) (Table 3). The effect of Put varied with 0, 50, 100, 150
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and 200 mM NaCl applications. The highest shoot length
was obtained with 0.01 Put application at 50 mM NaCl
(43.14mm). At 100 and 150 mM NaCl applications, shoot
length decreased. On the other hand, at 200 mM NaCl,
shoots were obtained only by applying 0.1 mM Put.
3.4. Seedling vigour index (SVI)
Among the treatments, 1 mM Put showed the highest SVI.
With respect to NaCl, the highest SVI was detected at 50
mM. The highest SVI value with the NaCl × Putrecine
combination was obtained at 50 mM NaCl × 0.01 mM Put
application (Table 4). Put application was very significant
(P < 0.01) for 0, 50, 100, 150, 200 mM NaCl applications.

3.5. Mean germination time (MGT)
While the mean germinationtime decreased with Put
concentration, it increased with higher NaCl levels.
The decrease in average germination time is because
germination is more frequent and higher in successive
days. The combination of 0 mM NaCl × 0.10 mM Put
showed the best germination (Variation coefficient: 0.30)
(Table 5).
3.6. DNA methylation
The DNA methylation results are summarized in Table
6. DNA methylation was evaluated using the CREDRA technique, which is according to isoschizomer pair

Table 3. The effect of salt stress (NaCl) and Put applications on shoot length in Yalova-1 cabbage cultivar (mm).
Put
(mM)

NaCl (mM)
0

50

100

150

200

Avarage

0.00

27.36c

35.36c

33.21b

23.50c

0.00b

23.88c

0.01

41.73a

43.14a

32.25b

27.58b

0.00b

28.94a

0.10

34.65

38.40

29.35

30.42

a

1.16

26.80b

1.00

37.15b

37.88b

36.71a

32.93a

0.00b

28.94a

Avarage

35.22

38.70

32.88

28.61

0.29

F value (Put) (P)

20.810**

26.161**

31.688**

20.752**

5592.23**

44.520**

F value (NaCl) (N)

-

-

-

-

-

1483.381**

F value (PXN)

-

-

-

-

-

17.062**

Coefficient of variation (%)

7.47

4.17

3.54

11.04

0.1

5.9

b

b

B

c

A

a

C

D

E

: Differences between averages represented by different lowercase letters in the same column and different uppercase letters in the same
row are significant at a 5% probability level.
**: Significant (P < 0.01)
1

Table 4. Evaluation of salt stress (NaCl) and Put application in terms of seedling vigour index.
Put
(mM)

NaCl (mM)

0.00

7604.2c

9624.7c

0.01

a

9302.5

0.10

0

50

100

150

200

Avarage

6205.5b

3629.9c

0.0b

5412.9d

10539.2

6404.8

4548.1

0.0

6158.9b

8456.6b

9811.9bc

6419.2b

4894.4b

35.6a

5923.5c

1.00

9023.8

10033.0

9065.0

5924.6

0.0

6809.3a

Avarage

8596.8B

10002.2A

7023.6C

4749.3D

8.9E

6076.2

F value (Put) (P)

24.462**

11.265**

133.979**

70.018**

6898.582**

132.145**

a

a

b

b

a

b

a

b

b

F value (NaCl) (N)

4818.607**

F value (PXN)

35.391**

Coefficient of variation (%)

3.52

2.35

3.33

4.77

4.81

3.71

: Differences between averages represented by different lowercase letters in the same column and different uppercase letters in the same
row are significant at a 5% probability level.
**: Significant (P < 0.01)
1
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59.0
60.3
64.1
59.0
61.5
62.8
65.4
62.8
61.5
66.7
65.4
66.7
67.9
71.8
TMR (%) 67.9

69.2

16.7
17.9
24.4
16.7
20.5
20.5
25.6
25.6
17.9
24.4
20.5
15.4
17.9
25.6
17.9
FMR (%)

23.1

7.7
9.0
11.5
5.1
10.3
9.0
10.3
11.5
7.7
11.5
9.0
7.7
9.0
12.8
HMR (%) 7.7

11.5

78
78
78
78
78
78
78
78
78
78
78
78
78
78
Total
amplified 78
bands

78

33
33
31
33
32
33
31
29
34
33
35
40
39
36
39
Class IV

36

7
7
10
9
8
9
12
11
8
10
9
6
7
10
8
Class III

9

32

6
7
9
4
8
7
8
9
6
9
7

4. Discussion
The soil salinity has a negative effect on growth,
development, product quality and quantity in plants.
This is seen in cultivated plants grown in various
countries, especially in semiarid and arid regions (Kalaji
and Pietkiewicz, 1993). “Salt stress” is defined as the
concentration of salts (soil or water) that can inhibit plant
growth. Salinity results in formation of nonagricultural
areas. Sulphates, chlorides, borates, carbonates and
bicarbonates are considered salinity leading salts. However,
sodium chloride is the most common form (Deveci
and Tuğcu, 2017). Several metabolic and physiological
phenomenon like germination, photosynthesis, growthdevelopment and cell division were found to be affected by
the salt stressduration, salinity and plant density (Yılmaz
et al., 2011). Osmotic pressure increases in plants exposed
to salt stress, and the potential of soil water decreases
(Erdal et al., 2000). Salt stress in plants, usually occurs for
two reasons. While the increase of osmotic potential is one
of the important reasons in the case of excess of dissolved
salts in the root area; the higher the concentration of
toxic ions, the other is the cause. While some plants have
defensive mechanisms against stress conditions, others

6

restriction enzymes HpaII and MspI. A total of seventyeight methlation sensitive bands were determined based
on the treatments. Class IV was the highest methylation
type. This was followed by Class I, Class III and Class II,
respectively. Total methylation rate (%) was varied from
59.0% to 71.8%. It was determined that FMR (%) was
higher than HMR in all treatments. The highest rate of
TMR was observed at 0 mM NaCl + 0 mM Put. The TMR
at 50 mM and 100 mM NaCl treatments werehigher than
the 0 mM NaCl treatment. However, the methylation rate
at 150 mM NaCl was the sameasthe 0 mM NaCl treatment.
It was determined that there was a remarkable decrease in
the TMR, parallel with the increase in the Put concentration
applied with all NaCl concentrations. We have defined
that Put applied both combinations with NaCl stress and
stress-free conditions caused demethylation.

7

-

9

6.71

10

2.86

6

0.66

Class II

0.88

31

1.00

28

15.09

32

9.51

30

3.11

29

1.92

27

0.30

29

0.10

30

-

26

-

9.42

27

13.73

3.40

26

3.17

2.21

25

2.33

0.74

24

2.50

0.01

22

0.00

25

200

Class I

150

0.1 mM Put

100

0.01 mM Put

50

0 mM Put

0

1mM Put

NaCl (mM)

Table 6. Occurrences of CRED-RA class types in samples from control groups and treated groups [HMR, FMR and TMR(%)].

Put
(mM)

Types

Table 5. Variation coefficient in salt stress (NaCl) and Put
application.

0 mM 50
100
150
0 mM 50
100
150
0 mM 50
100
150
0 mM 50
100
150
NaCl mMNaCl mMNaCl mMNaCl NaCl mMNaCl mMNaCl mMNaCl NaCl mMNaCl mMNaCl mMNaCl NaCl mMNaCl mMNaCl mMNaCl
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just adapt to the conditions. Salt-sensitive plants first fade,
and later plant or significant product loss occurs (Kacar et
al., 2006).
The polyamines discovered in the 1800’s years are
composed of spermidine, spermine, cadaverine and
ptrescine hormone groups. These hormone groups are
known to take part in many events such as organogenesis,
embryogenesis, cell division, flower formation, membrane
stability, protection from free radicals and biosynthesis
(important enzymes, hormones, nucleic acids) (Arslan,
2012). Polyamines have a significant effect on biotic and
abiotic stress mechanisms. Abiotic stress applications
(salinity, temperature, heavy metal, radiation) to different
plant groups led to increases in polyamine levels. However,
it is not clear whether this polyamine concentration
increase is due to damage of the plant after the stress
or whether it is the result of the plant’s desire to protect
itself against the stress factor. Nevertheless, it has been
supported by studies in which plants have a protective role
for polyamines in response to abiotic stress. According to
Sharma et al. (2011), as a result of exogenous application
of putrescine under salinity conditions, plant antioxidant
metabolism can improve and the accumulation of proline,
sodium, chloride, potassium, and calcium in the plant
can regulate. According to Shu et al. (2012), putrescine
increases the amount of polyamine in the thylakoid
membranes in chloroplasts and provides protection
against the harmful effects of salt stress. Putrescine
enhanced the ability of photosystem-II repair reaction
centers to decrease the inactivation reaction center, thus
reducing the effects of NaCl damage.On the other hand,
according to Alcazar et al. (2010), genetic modification
of the polyamine biosynthetic pathway has been useful
to discern the function of polyamines in plant responses
to abiotic stress in both crops and model plants. Also,
elevated polyamine levels represent a stress-induced
protective response.
A study was conducted to determine the effects of NaCl
(0, 5, 10 and 20 dS/m NaCl) on germination and shooting
of rapeseed (Brassica napus ssp. oleifera L.), oil turnip
(Brassica campestris L.) and cabbage (Brassica oleracea L.)
species. The germination rate and the germination values
in the control group of Yalova-1 cabbage variety were 89.3%
and 93.3%, respectively. However, the germination rate
and the germination values for 20 dS/m NaCl applications
were 80.0% and 70.7%, respectively. Root length, shoot
length and plant wet weight were recorded in the control
group as 5.4 cm, 5.63 cm and 57.4 mg/plant, respectively;
these values were determined as 3.57 cm, 2.83 cm and 38.9
mg/plant in 20 dS/m NaCl application (Kaya et al., 2005).
Salinity tolerance of cabbage (Brassica oleracea capitata),
cauliflower (Brassica oleracea botrytis) and canola
(Brassica napus)Brassica species were investigated during

germination and early seedling growth. Especially, in 14.1
dS/mNaCl application, root and shoot length of all species
decreased considerably. The growth rate of 3 plant species
was more affected than the root growth at all salinity
levels. Root weight, leaf area and number of leaves were
also severely affected by all salinity treatments (Jamil et al.,
2007b). In the turnip (Brassica rapa); NaCl applications
were tested at 0-50-100-150 mmol concentrations. The
decrease in shoot length, root length and chlorophyll a, b,
a + b was determined with increasing salt concentrations.
Besides, an increase in proline amount was reported (Jan
et al. 2016).
The germination rate was reduced depending on the
increase of NaCl concentration in the current research.
While the germination rate was determined as 99.1% in
the absence of stress factor (0 mM NaCl), the germination
rates of 50, 100, 150 and 200 mM NaCl applications
were determined as 96.9%, 82.7%, 59.9%, and 5.1%,
respectively. The Put applications affected the germination
rate positively. The highest germination rate was obtained
at 0.1 mM Put (71.8%), followed by 1 mM Put (70.9%),
0,01 mM Put (66.9%) and 0.01 mM Put (65.4%). On the
other hand, root length varied depending on the salt
concentration. In particular, it was determined that the
application of Put reduces the negative effect of 100 and
150 mM salt concentrations on root length. The shoot
lengths of the plants germinated under salt stress varied
depending on the salt concentrations. The highest shoot
length was obtained at 0.01 Put in combination with 0 and
50 mM NaCl (41.73 and 43.14 mm, respectively).
The cabbage group vegetables are grown in wide
areas in the world. They are among the species with great
economic importance. Although studies on tolerance to
abiotic stress conditions in cabbage species and varieties
have been carried out, these studies have generally been
carried out in field and greenhouse pot flower experiments.
In cabbage group vegetables, many morphological
evaluations and physiological studies were carried out
on tolerance and sensitivity to salinity. However, limited
research is available on detecting DNA-based genetic and
epigenetic changes.
DNA methylation occurs in CG dinucleotide sequences
in adult somatic tissues. In the methylation process, DNA
methyltransferase enzyme and S-Adenosyl Methionine
(SAM) are involved with methyl group to the fifth carbon
of the cytosine base of DNA, and this methylation state is
a system that inhibits protein expression by inactivating
DNA (İzmirli, 2013). It has been reported that gene
activity is reduced when DNA is methylated at high rates.
Conversely, a reduction in methylation has been reported
to increase gene activity. Furthermore, it has been stated
that the variable methylation state leads to genetic
variation in plant physiology by causing plant stress or
shock (Korkmaz and Çölgeçen, 2013).
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The current research focused on detecting any DNA
methylation change in the genome of cabbage seedlings
when NaCl (salt stress) in combination with Put was
applied. Additionally, the Put was tested for apositive
contribution on epigenetic change.
DNA methylation was evaluated using the CREDRA technique that is according to the isoschizomer pair
restriction enzymes HpaII and MspI. In Figure 1, the
methylation evaluation based on theagarose gel image of
the OPY-8 primer was presented as an example.
A total of seventy-eight methlation sensitive bands
were determined based on the treatments (Table 6). Class
IV was the highest methylation type, followed by class I,
class III and class II, respectively. TMR (%) was varied
from 59.0% to 71.8%. It was determined that FMR (%)
was higher than HMR in all treatments. The highestTMR
was observed at 0 mM NaCl + 0 mM Put. The TMR of the
50 mM and 100 mM NaCl treatments was higher than the
0 mM NaCl treatment. However, the methylation rate at
150 mM NaCl was the same asthe 0 mM NaCl treatment.
It was determined that there was a remarkable decrease
in TMR, parallel with the increase of Put concentration

applied to all NaCl concentrations. According to these
results, it was determined that Put applied both at NaCl
stress and stress-free conditions caused demethylation.
Salmon et al. (2008) reported high DNA methylation
in Brassica oleraeceae species using MSAP technique
(methylation-sensitive reproductive polymorphism).
DNA methylation was detected as 52%–60% using MspI
enzyme and as 17%–27% using HpaII enzyme. Al-Lawati
et al., (2016) determined that the methylation level in the
plant DNA increased with increasing salt concentration,
as a result of MSAP-DNA analysis in the alfalfa plant
exposed to the salt solutions, and found to have adverse
effects on the growth and morphological characteristics
of the plant. Wang et al. (2016) found a significant
increase in methylation of the hybrid variety (relative to
the parents) as a result of MSAP analysis of cotton plants
under salt stress conditions. Some studies have been
carried out with the external application of polyamines
and with the considerable improvement of plant growth
and development under stress conditions (Yıldız et al.,
2014; Roychoudhury et al., 2011; Xu et al., 2011; Shi et
al., 2013). According to Gill and Tuteja (2010), exogenous

Figure 1. CRED- RA gel pattern using primer OPY-8 (P putrecine, M MspI, H HpaII); (1) Control, (2) 0 P + 50 NaCl,
(3) 0 P + 100 NaCl, (4) 0 P + 150 NaCl, (5) 0.01 P + 0 NaCl, (6) 0.01 P + 50 NaCl, (7) 0.01 P + 100 NaCl, (8) 0.01 P +
150 NaCl, (9) 0.1 P + 0 NaCl, (10) 0.1 P + 50 NaCl, (11) 0.1 P + 100 NaCl, (12) 0.1 P + 150 NaCl, (13) 1 P + 0 NaCl, (14)
1 P + 50 NaCl, (15) 1 P + 100 NaCl, (16) 1 P + 150 NaCl (according to Zhang et al. 2016).
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polyamine applications act as an elicitor of genes involved
in abiotic stress responses. Ali (2000) reported that the
application of external Put reduces the accumulation
of Na+ and Cl– ions in the organs of Atropa belladonna
exposed to salt stress. Put has reduced the negative effect
of NaCl during germination and early seedling growth.
On the other hand, Lutts et al. (1996) reported that Put
increased leaf vitality and growth of all Oryza sativa
varieties under salt stress conditions.

morphological measurements and evaluations have been
performed. But, there are deficiencies in physiological and
molecular detection studies. Therefore, the objective of the
current study was to determine DNA methylation change
of cabbage seedlings by applying NaCl and Put. The results
demonstrated different DNA methylation classes with
increasing salt concentrations. Besides, it was determined
that the Put applied in both NaCl stress and stress-free
conditions caused demethylation.

5. Conclusion
The studies on tolerance to abiotic stress conditions in
cabbage species and varieties have been carried out as
field and greenhouse pot experiments. In such studies,
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